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Key questions
What is already known about this subject?
 ► Cardiovascular disease (CVD) is the leading cause of 
death in the Western world. More recently, greater 
emphasis has been placed on the role of increased 
arterial stiffness, high blood pressure and sedentary 
behaviour as predictors of CVD risk in populations. 
Identifying and addressing CVD risk factors in early 
life could prevent or delay disease in later life. We 
reviewed the literature and found that positive as-
sociations have been shown between a child’s body 
mass index and CVD risk in adulthood, particular-
ly among those from lower socioeconomic status. 
A meta-analysis of interventions targeting obesity 
and activity as methods of prevention in children 
concluded that high levels of leisure time activity 
benefit cardiovascular health. However, there was 
little evidence regarding the prognostic impact of a 
child’s early environment and cardiovascular phe-
notype on cardiovascular outcomes. Breastfeeding 
has been identified in three studies as a protector 
against high blood pressure but this link has been 
described as modest.
What does this study add?
 ► Our study identifies predictors of cardiovascular 
health in teenagers through data linkage with the 
Secure Anonymised Information Linkage databank. 
Routine health data was linked with baseline data 
collected during a physical activity intervention. 
There is relatively little previous research into early 
life and environmental impacts on young people’s 
cardiovascular health. Our study suggests that sup-
porting breastfeeding, improving physical activity 
opportunities for teenagers in deprived areas, en-
abling teenagers with chronic health conditions to 
be active and encouraging active transport at all 
ages may be beneficial to heart health and reducing 
CVD risk and warrants prospective evaluation.
How might this impact on clinical practice?
 ► Our findings highlight issues where public health 
interventions (eg, breast feeding, parent groups, 
improving physical activity provision) may improve 
long-term cardiovascular health outcomes.
AbstrAct
Objective To examine the predictors of cardiovascular 
health in teenagers (aged 13–14 years).
Methods Measures of arterial stiffness (augmentation 
index (AIx)), blood pressure and cardiovascular fitness 
were taken from 234 teenage children (n=152 boys) and 
subsequently linked to routine data (birth and general 
practice records, education data and hospital admission 
data). Deprivation at school and at individual level was 
measured at birth, at 1 year old, at 13 years old and 
at secondary school using the Welsh Index of Multiple 
Deprivation. Multivariate regression analysis determined 
associations between routinely collected data and 
cardiovascular measures.
Results Teenagers had higher AIx (2.41 (95% CI 1.10 to 
3.72)), ran fewer metres (−130.08 m (95% CI −234.35 
to −25.78)) in the Cooper Run Test if they attended a 
more deprived school. However, higher individual level 
deprivation was associated with greater fitness (199.38 m 
(95% CI 83.90 to 314.84)). Higher systolic blood pressure 
was observed in first born children (10.23 mm Hg (95% CI 
1.58 to 18.88)) and in those who were never breastfed 
(4.77 mm Hg (95% CI 1.10 to 8.42)).
Conclusions Improving heart health in deprived areas 
requires multilevel action across childhood namely, active 
play and programmes that promote physical activity and 
fitness and, the promotion of breastfeeding. Recognition 
of the important early indicators and determinants of 
cardiovascular health supports further development of the 
evidence base to encourage policy-makers to implement 
preventative measures in young people.
IntROduCtIOn
Cardiovascular disease (CVD) affects seven 
million people in the UK and is the leading 
cause of death in the Western world.1 CVD 
risk factors should be low in young people, 
but the rise in childhood inactivity and poor 
fitness levels has led to an increase in preva-
lence and potential impact on lifetime CVD 
risk.2 3 Identifying and addressing important 
CVD risk factors in early life could prevent 
symptoms in later life. Pathological changes 
in the arterial wall are well recognised to 
begin in childhood.4
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Table 1 Demographics of schools
Wales Index of Multiple 
Deprivation of the school*
School 1 1660
School 2 326
School 3 84
School 4 56
School 5 1434
School 6 1610
School 7 426
*The Welsh Index of Multiple Deprivation (WIMD) is the official 
measure of small area deprivation in Wales
Positive associations have been shown between a child’s 
body mass index and CVD risk in adulthood, particularly 
among those from lower socioeconomic status.5 Depriva-
tion has been associated with poorer cardiovascular fitness 
levels, higher obesity levels and consequently higher CVD 
risk.6 Young people with lower socioeconomic status are 
less likely to engage in activity in the form of structured 
activities and competitive sports7 and are subsequently at 
an increased risk of more sedentary lifestyles. These traits 
may also cluster with other health behaviours (eg, diet) 
which could also contribute to CVD risk when a child is 
older. Consequently, prevention strategies that decrease 
sedentary behaviour and improve nutrition have been 
designed to combat this issue.6 8–10
Early life behaviours may also contribute, for example, 
breastfeeding may protect against hypertension,11–13 
although this relationship has been described as modest. 
Less is known about the relationship between early life 
exposures and subsequent cardiovascular phenotype 
in young people and longer-term CVD risk. Therefore, 
increased study of these relationships in early life may 
provide important insights into how best to implement 
interventions in young people to prevent CVD.
This paper aims to identify predictors of cardiovas-
cular health in teenagers (aged 13–14 years) which is 
an under-researched area of teenage health. Cardiovas-
cular phenotype data were collected as part of baseline 
data collection from the Active Children through Indi-
vidual Vouchers—Evaluation (ACTIVE) project, a mixed 
method randomised control trial (RCT) based in south 
Wales, UK. The ACTIVE RCT aimed to improve the 
cardiovascular fitness, cardiovascular health and motiva-
tion of teenagers to be active10 and, therefore, included 
measures of augmentation index (AIx), blood pressure 
and fitness. This paper is a cross-sectional analysis of base-
line measures linked with routinely collected data from the 
National Community Child Health Database (NCCHD) 
and the Tagged Electronic Cohort Cymru (TECC). These 
databases include data from the child health system in 
Wales, including birth registration, maternal health and 
monitoring of child health examinations.
The relationships between arterial stiffness, blood pres-
sure and fitness with important early life influences (eg, 
deprivation and maternal influences) at population level 
are less well known and exploring these will add to knowl-
edge and inform novel approaches to clinical practice 
regarding CVD risk. Furthermore, findings can inform 
early public health intervention approaches in this area. 
This paper assessed if there are any early life indicators 
that make teenagers more vulnerable to cardiovascular 
risk.
MetHOds
Participants and settings
The ACTIVE Project was a mixed method RCT based in 
seven secondary schools in South Wales10 with the aim 
of improving the cardiovascular fitness and health and 
motivation of teenagers. A detailed trial protocol (Trial 
Number: ISRCTN75594310) has been published.10 A 
total of 13 schools were assessed for eligibility to take part 
in ACTIVE; four did not meet inclusion criteria of being 
located in one of Wales’ most deprived areas. School and 
individual level deprivation was derived from the Welsh 
Index of Multiple Deprivation (WIMD) which is used to 
identify areas of deprivation based on income, employ-
ment, health, education, access to services, community 
safety, environment and housing.14 For this study, the 
continuous WIMD scale was used for individual and 
school level deprivation with one equating to the most 
deprived areas and 1909 to the least deprived.
Two headteachers declined to participate, one of whom 
declined after randomisation occurred. This meant seven 
secondary schools took part in the RCT. The demo-
graphics of the schools can be seen in table 1. This paper 
examines the baseline data collected from ACTIVE and, 
therefore, includes one cohort prior to randomisation.
Following initial school recruitment and headteacher 
approval, participants (in school year 9, aged 13–14 
years) were recruited for measures via school assem-
blies and information sheets. Consent was voluntary and 
involved both written parental consent and pupil assent 
forms. All pupils in school year 9 were eligible to partici-
pate to create a cohort representative of teenagers from 
deprived areas. No pupils were excluded from participa-
tion. A total of 234 (n=152 boys) out of 1023 pupils across 
the seven schools (23%) were recruited. Basic demo-
graphics of participants can be seen as table 2.
Procedures
Cross-sectional measurements of baseline phenotype data 
were linked to routine data (general practice, hospital 
and education records) to develop a retrospective 
cohort. Routinely collected data from the NCCHD, which 
contains birth information of children, and the TECC, 
which provides GP visits and hospital admissions for key 
comorbidities, were linked via the Secure Anonymised 
Information Linkage (SAIL) databank. These data-
bases include data from the child health system in 
Wales, including birth registration, maternal health and 
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Table 2 Population demographics
Variable
Male (n=129)
(SD) Obs
Female (n=105)
(SD) Obs
Arterial stiffness (%) 9.54 (5.58) 129 10.17 (4.67) 105
Blood pressure (mm Hg) 114.47 (13.86) 129 110.42 (11.62) 105
Cardiovascular fitness (metres ran) 2004.98 (412.92) 129 1604.98 (266.19) 105
School deprivation 674.60 (677.01) 129 642.76 (688.17) 105
Deprivation at birth 744.27 (559.9) 109 573.93 (468.94) 86
Deprivation at 1 665.25 (557.14) 108 595.45 (470.16) 84
Deprivation at 13 734.07 (534.4) 126 663.6 (482.38) 102
Birth weight (g) 3368.23 (576.38) 113 3257.35 (597.67) 90
Gestational age (weeks) 38.99 (1.82) 111 38.81 (2.48) 90
Birth number 1.02 (0.15) 128 1.01 (0.13) 102
Maternal age (years) 26.9 (5.78) 120 26.57 (5.88) 94
Breastfed (%) 48.44 (n=62) 128 40.20 (n=41) 102
C section (%) 19.38 (n=25) 129 23.81 (n=25) 105
Hospital admission (total number of admissions) 1.63 (2.01) 125 1.33 (2.85) 101
General Practice (GP) visits (total number of GP visits) 74.17 (43.24) 98 63.67 (34.00) 78
Sedentary time (Week) (min) 627.21 (82.53) 129 601.96 (79.08) 105
Sedentary time (Weekend) (min) 621.55 (115.31) 129 563.62 (120.11) 105
Moderate to Vigorous Physical Activity (MVPA) (Week) 
(min)
81.39 (22.10) 129 78.47 (24.25) 105
Moderate to Vigorous Physical Activity (MVPA) 
(Weekend) (min)
56.57 (20.67) 129 61.86 (26.06) 105
monitoring of child health examinations which include 
exposures that could predict cardiovascular risk.
Further information about the routine data included 
in the analysis can be seen as online supplementary file 
1. All phenotype data included in this study were taken 
from the baseline data collection of the ACTIVE Project 
between September and December 2016. Data collection 
was organised in the schools with the aim of avoiding 
disruption to school timetables.
This paper uses measures of AIx, systolic blood pres-
sure and cardiovascular fitness (Cooper Run Test (CRT)) 
as indicators of cardiovascular health. Higher AIx and 
blood pressure are both associated with increased CVD 
risk.15–17 Poorer fitness has also been attributed to CVD 
risk.2 3
Aim
By using data linkage to routine data, this study assessed 
if there are predictors of poorer cardiovascular health 
and CVD risk in teenagers in relation to measures of AIx, 
systolic blood pressure and cardiovascular fitness.
Augmentation index (AIx)
AIx was assessed using the Vicorder (Skidmore Medical 
Limited, Bristol, UK). Measurements were taken with 
the participants seated following a 5 min rest during 
which a SC10 Hokanson cuff was positioned around 
their upper left arm. The cuff was inflated to measure 
blood pressure; it was then reinflated to record the 
brachial artery pulse-pressure waveform. Central AIx 
was determined from the blood pressure and waveform 
using a transfer function integral to the software. This 
process was repeated and if both measures of AIx were 
within ±5%, the two measures were accepted, if not, a 
third reading was taken and a mean of all three readings 
calculated.
Blood pressure
Blood pressure was measured with a standardised upper 
arm cuff methodology using an Omron M2 sphygmoma-
nometer. After resting seated for 5 min, participants had 
three measurements taken from their left arm, with the 
average calculated. If there was a difference of ±5 mm 
Hg between the readings, researchers took an additional 
measure. Participants did not fast prior to these measure-
ments.
Cardiovascular fitness
Participants took part in the CRT to assess cardiovascular 
fitness.18 This was a 12 min walk/run test conducted 
during physical education (PE) lessons where partici-
pants completed as many laps of a school sports hall as 
possible in the time. This was then converted to the total 
distance ran (in metres). The validity of the CRT has 
been tested in numerous studies in both girls and boys.19
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Table 3 AIx (linear mixed effects multilevel regression)
Variable Coefficient P value 95% CI
School deprivation −0.003 0.010 −0.005 to 
−0.0007
Deprivation at birth 0.0008 0.506 −0.001 to .003
Deprivation at 1 0.001 0.488 −0.002 to .005
Deprivation at 13 −0.0002 0.886 −0.003 to .002
Gender 1.26 0.383 −1.57 to 4.10
Birth weight −0.002 0.088 −0.005 to .0003
Gestational age 0.314 0.403 −0.423 to 1.05
Birth number −8.10 0.019 −14.85 to −1.34
Maternal age −0.072 0.536 −0.300 to .156
Breastfed 1.22 0.513 −0.181 to .050
C-section 0.472 0.780 −2.83 to 3.78
Hospital admissions −0.363 0.007 −0.627 to −0.099
GP visits 0.030 0.006 0.008 to 0.052
Sedentary time week −0.011 0.054 −0.046 to .024
Sedentary time weekend 0.011 0.196 −0.005 to .028
MVPA time week −0.054 0.065 −0.113 to .003
MVPA time weekend −0.003 0.907 −0.066 to .059
Blood pressure −0.065 0.268 −0.181 to .050
Fitness −0.001 0.581 −0.005 to .002
Those highlighted inbold indicate significance (p value < 0.05)
Table 4 Blood pressure (linear mixed effects multilevel 
regression)
Variable Coefficient P value 95% CI
School deprivation −0.001 0.530 −0.008 to 0.004
Deprivation at birth 0.003 0.000 0.001 to 0.007
Deprivation at 1 −0.007 0.276 −0.019 to 0.005
Deprivation at 13 0.004 0.348 −0.005 to 0.014
Gender 5.32 0.111 −1.22 to 11.87
Birth weight −0.0008 0.802 −0.007 to 0.005
Gestational age 0.333 0.795 −2.18 to 2.84
Birth number −29.96 0.000 −46.04 to −13.88
Maternal age 0.205 0.630 −0.631 to 1.042
Breastfed −6.09 0.042 −11.96 to −0.22
C-section 5.15 0.012 1.13 to 9.16
Hospital admissions 0.096 0.769 −0.544 to 0.736
GP visits −0.011 0.677 −0.064 to 0.041
Sedentary time week 0.069 0.010 0.28 to 0.11
Sedentary time weekend −0.032 0.037 −0.06 to −0.001
MVPA time week −0.07 0.972 −0.22 to −0.085
MVPA time weekend −0.01 0.839 −0.189 to −0.154
AIx −0.44 0.310 −1.29 to 0.40
Fitness −0.007 0.079 −0.015 to 0.0008
Those highlighted inbold indicate significance (p value < 0.05)
AIx, augmentation index.
Data linkage
Data linkage was carried out through the SAIL data-
bank20 based at the Swansea University Medical School 
(UK). This occurred via linking AIx, systolic blood pres-
sure and cardiovascular data with routinely collected 
health data, for example, deprivation at school and at 
home, birth weight and hospital admissions. A unique 
Anonymous Linking Field was assigned to person-based 
records before it was joined to clinical data via a system 
linking field.21
Routine data came from the NCCHD and the TECC. 
The full list of covariates and how they were cleaned can 
be seen as online supplementary file 1. Deprivation at 
school and individual level was the only variable to be 
measured at different time points (at birth, at 1 year old 
and at 13 years old). This was done to explore whether 
moving in and out of deprived areas during life affects 
heart health and whether deprivation impacts heart 
health at a specific age.
statistical analyses
Linear mixed effects multilevel regression was used to 
analyse the relationship between routine data on (1) 
AIx, (2) systolic blood pressure and (3) cardiovascular 
fitness. Covariates were excluded from the analysis if 
they had missing data on over 100 participants, and a full 
list can be seen as online supplementary file 1. Gender 
was included in the models to assess any differences by 
gender. The level of significance for the results of statis-
tical analysis was set to p<0.05. Structural equation model-
ling (SEM) in STATA was also used to show relationships 
between routinely collected data and the cardiovascular 
phenotypes collected in this study. Two independent 
statisticians conducted a parallel data analysis in STATA 
(V.15.1) to avoid researcher bias.
Multiple imputation of missing data was conducted 
using chained equations (MICE) command in STATA as 
data was assumed to be missing at random due to absence 
during some aspects of baseline testing. Data for the 
primary outcome of cardiovascular fitness was imputed 
for 27 participants using gender and deprivation. This 
generated one complete dataset which was used for 
analysis.
Results
Table 2 shows the demographics of participants. Boys 
had higher measures across most variables including 
deprivation levels, hospital and GP visits and sedentary 
time. However, these differences were marginal except 
for differences in cardiovascular fitness which shows boys 
as a population were fitter than girls at this age. Results 
from the multilevel analysis are presented as tables 3–5, 
respectively. Figure 1 shows relationships via SEM.
Augmentation index
Analysis showed higher AIx measures was associated with 
a lower school WIMD score (indicating higher levels 
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Table 5 Cardiovascular fitness (linear mixed effects 
multilevel regression)
Variable Coefficient P value 95% CI
School deprivation 0.020 0.673 −0.070 to 0.116
Deprivation at birth 0.163 0.007 0.045 to 0.281
Deprivation at 1 −0.002 0.983 −0.233 to 0.228
Deprivation at 13 −0.112 0.371 −0.358 to 0.133
Gender 389.50 0.000 233.693 to 545.307
Birth weight −0.001 0.987 −0.202 to 0.198
Gestational age −9.30 0.729 −61.98 to 43.37
Birth number −1216.631 0.000 −1500.44 to −932.81
Maternal age 16.33 0.044 0.454 to 32.21
Breastfed 195.72 0.063 −10.69 to 402.13
C-section 93.22 0.372 −111.61 to 298.06
Hospital admissions −3.74 0.800 −32.77 to 25.27
GP visits 1.23 0.341 −1.30 to 3.76
Sedentary time week −1.24 0.374 −4.42 to 1.92
Sedentary time 
weekend
1.48 0.099 −0.375 to 3.35
MVPA time week −2.85 0.052 −5.73 to .026
MVPA time weekend −2.08 0.448 −8.38 to 4.20
AIx −5.42 0.606 −26.05 to 15.20
Blood pressure −5.16 0.013 −9.23 to −1.08
Those highlighted inbold indicate significance (p value < 0.05)
Figure 1 Path analysis.
of deprivation) (−0.003 (95% CI −0.005 to −0.0007), 
table 3). Lower hospital admissions (−0.363 (95% CI 
−0.627 to −0.099)) but higher number of GP visits (0.030 
(95% CI 0.008 to 0.052)) also had significant relation-
ships with higher AIx. School deprivation was also signifi-
cant in the SEM (figure 1).
Blood pressure
Lower systolic blood pressure was observed in teenagers 
who were first born (−29.96 mm Hg (95% CI −46.04 to 
−13.88), table 4) and those who were breast fed as infants 
(−6.09 mm Hg (95% CI −11.96 to −0.22). Being born as a 
result of caesarean meant blood pressure was higher as 
a teenager (5.15 mm Hg (95% CI 1.13 to 9.16)). As well 
as this, being more sedentary in the week was associated 
with higher blood pressure (0.068 mm Hg (95% CI 0.28 
to 0.11)). SEM included gender as a predictor of having 
higher blood pressure too (figure 1).
Fitness
Teenagers who were more deprived at birth ran further 
in the fitness testing (0.163 (95% CI 0.045 to 0.281), 
table 5). Boys were more likely to run further than girls 
(389.50 m (95% CI 233.69 to 545.30), table 4). Interest-
ingly, teenagers were less fit if they were not first born 
(−1216.63 (95% CI −1500.44 to −932.81)) but were more 
fit if their mothers were older (16.33 (95% CI 0.45 to 
32.2)). SEM showed that school deprivation also had a 
relationship with fitness that was not present in the multi-
level regression.
dIsCussIOn
Although a relatively small study, our work demonstrates 
the feasibility and great value of linking paediatric clin-
ical study data to routinely held healthcare records. This 
study has revealed interesting relationships between 
school deprivation and the cardiovascular phenotype 
in teenagers. First, AIx was greater in pupils attending 
deprived schools (schools in socioeconomically deprived 
areas) suggested they already had stiffer arteries by their 
early teens. Other confounders could explain the adverse 
cardiovascular phenotype in children attending deprived 
schools such as poor nutrition, tobacco exposure and 
increased psychosocial stress but this would require 
further evaluation.
Teenagers whose mothers reported breastfeeding were 
associated with lower systolic blood pressure consistent 
with previous literature.11 These findings add to the 
evidence base supporting a beneficial impact of breast-
feeding on blood pressure as a teenager. Longer duration 
breastfeeding has also been shown to have a beneficial 
effect on cardiorespiratory fitness.12 Future research 
should explore this relationship further as supporting 
and promoting breastfeeding could provide beneficial 
long-term implications for teenager’s health.
This study has shown that being first-born is better for 
systolic blood pressure and cardiovascular fitness. There 
is some evidence that early born children have greater 
access to resources and attention.22 This may account for 
better fitness measures if first-born children are having 
greater access to physical activity opportunities, equip-
ment and facilities. This is worthy of further investigation 
and, coupled with the finding that older mothers have 
fitter children, provides evidence that support for larger 
families, with younger mothers is needed to facilitate 
equality of activity and socialisation opportunities and 
resources. Being active in this way at an early age could 
track into later life and could reduce the risk of poor 
heart health.6 Early physical activity promotion in chil-
dren may provide an accessible and low-cost method of 
preventing poor heart health in later life.
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Boys were significantly fitter than girls were (based on 
metres ran in the CRT). This is unsurprising as most liter-
ature suggests boys are more active and thus fitter.9 23–25 
Boys generally have a higher amount of lean body mass 
at this age, which could contribute to better cardiovas-
cular fitness levels.26 Programmes that target girls activity 
and fitness have been implemented,27–29 but this study 
provides evidence there are still differences between 
boys and girls and more needs to be done. There were 
no other significant differences between genders for the 
measures.
Teenagers in more deprived schools appeared fitter. 
Schools in deprived areas typically offer less PE time30 and 
provide fewer opportunities for sports and physical activi-
ties in and after school.30 31 However, this finding suggests 
that despite being less likely to engage in physical activity, 
in the form of structured (competitive) sports clubs, 
it may be that participants from more deprived areas 
engage more low cost, unstructured activities or active 
travel due to the cost of running a car or using public 
transport.6 This could account for higher fitness levels as, 
despite being an exposure, MVPA was not significant in 
influencing fitness.
Research has shown that there are cardiovascular bene-
fits associated with all levels of activity.32 Active travel in 
particular has been associated with healthier body compo-
sitions and cardiovascular fitness in this age group.33 As 
shown by previous research, the importance of promoting 
different types of activity in young people cannot be over-
stated,2 32 34 particularly in the deprived school settings 
as highlighted by this study. In this instance, school level 
deprivation was more strongly associated with an adverse 
cardiovascular phenotype in teenagers than home depri-
vation, which is worthy of further study.
limitations
This study was only able to measure cardiovascular meas-
ures in teenagers who consented to participate in this 
study, thus these individuals may have been more moti-
vated and interested in being active. It is possible that the 
teenagers who did not consent were less interested or 
motivated to be active. Therefore, this study may be illus-
trative of the factors associated with the cardiovascular 
phenotype in predominantly more active teenagers with 
better cardiovascular fitness and heart health.
This is a relatively small study reporting the findings 
of 234 teenagers in south Wales; the results may not be 
generalisable to the wider UK or international popula-
tions and will require validation in larger, prospective 
studies. ACTIVE did not collect data on existing medical 
conditions, medications, recent infections or anthropom-
etry, which can influence cardiovascular health. This can 
be seen as a limitation. Future studies could use this level 
of participant information for more detailed analysis of 
predictors of cardiovascular health.
The path analysis shows that even though relation-
ships were present, these relationships only explained a 
small proportion of variation in AIx and blood pressure 
in particular and warrant further evaluation in larger 
prospective studies ideally with careful documentation of 
important covariates including anthropometric and sero-
logical measurements to add greater depth to analysis.
COnClusIOn
This study provides evidence of early life indicators, 
which may make teenagers more vulnerable to poorer 
cardiovascular health in adolescence and potentially 
greater lifetime risk of CVD. Interventions could target 
schools in deprived areas to improve heart health. For 
example, improving access to and uptake of a variety of 
activities that promote different types of physical activity, 
rather than simply aiming to reduce sedentary behaviour 
such as active travel or low cost, easy to access physical 
activities outside the school environment. Promotion of 
breastfeeding and play/socialisation support for younger, 
larger families may also have a beneficial effect.
Recognition of the important early indicators and 
determinants of cardiovascular health would warrant 
further development of the evidence base to encourage 
policy-makers to implement preventative measures in 
young people.
Contributors MJ wrote the first draft of the paper and all authors provided critical 
input and revisions for all further drafts, SB wrote analysis and results section 
and provided critical input and revisions for all further drafts. MJ, CT, SS, JD and 
SB undertook data collection and data analysis. DC, CT, SB, GS, JH, SA, SM, EE 
designed the study, aided in interpretation of findings and supervision of study 
quality. The corresponding author attests that all listed authors meet authorship 
criteria and that no others meeting the criteria have been omitted.
Funding This work was supported by the British Heart Foundation and the National 
Centre for Population Health and Wellbeing Research. The corresponding author had 
full access to all the data in the study and had final responsibility for the decision to 
submit for publication.
disclaimer The lead author (MJ) affirms that the manuscript is an honest, 
accurate and transparent account of the study being reported; that no important 
aspects of the study have been omitted and that any discrepancies from the study 
as planned (and, if relevant, registered) have been explained.
Competing interests None declared.
Patient consent for publication Not required.
ethics approval The College of Human and Health Science Ethics Committee 
granted ACTIVE ethical approval (reference: 090516). The study was linked to 
anonymised routine data and therefore the need for further ethical approval and 
participant consent was waived by the approving IRB (Institutional Review Board), 
UK National Health Service Research Ethics Committee. The SAIL independent 
Information Governance Review Panel (IGRP), which contains members from the 
UK National Health Service Research Ethics Committee, experts in information 
governance and members of the public, approved the study.
Provenance and peer review Not commissioned; internally peer reviewed.
data availability statement Data are available on reasonable request.
Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.
ORCId ids
Michaela James http:// orcid. org/ 0000- 0001- 7047- 0049
Elizabeth Anne Ellins http:// orcid. org/ 0000- 0001- 5164- 6416
copyright.
 o
n
 O
ctober 29, 2019 at Swansea University. Protected by
http://openheart.bmj.com/
O
pen Heart: first published as 10.1136/openhrt-2019-001147 on 28 O
ctober 2019. Downloaded from
 
7James M, et al. Open Heart 2019;6:e001147. doi:10.1136/openhrt-2019-001147
Cardiac risk factors and prevention
RefeRences
 1 Lloyd-Jones D, Adams RJ, Brown TM, et al. Heart disease and 
stroke statistics--2010 update: a report from the American Heart 
Association. Circulation 2010;121:e46–215.
 2 McMurray RG. Insights into physical activity and cardiovascular 
disease risk in young children: IDEFICS study. BMC Med 
2013;11:173.
 3 Oliveira-Santos J, Santos R, Moreira C, et al. Associations between 
anthropometric indicators in early life and low-grade inflammation, 
insulin resistance and lipid profile in adolescence. Nutr Metab 
Cardiovasc Dis 2019;29:783–92.
 4 Donald AE, Charakida M, Falaschetti E, et al. Determinants of 
vascular phenotype in a large childhood population: the Avon 
longitudinal study of parents and children (ALSPAC). Eur Heart J 
2010;31:1502–10.
 5 Owen CG, Whincup PH, Orfei L, et al. Is body mass index before 
middle age related to coronary heart disease risk in later life? 
Evidence from observational studies. Int J Obes 2009;33:866–77.
 6 Charlton R, Gravenor MB, Rees A, et al. Factors associated with low 
fitness in adolescents--a mixed methods study. BMC Public Health 
2014;14:764–77.
 7 Brockman R, Jago R, Fox KR, et al. "Get off the sofa and go and 
play": family and socioeconomic influences on the physical activity 
of 10-11 year old children. BMC Public Health 2009;9:253–60.
 8 Li J, Siegrist J. Physical activity and risk of cardiovascular 
disease—a meta-analysis of prospective cohort studies. Int J 
Environ Res Public Health 2012;9:391–407.
 9 Owen MB, Curry WB, Kerner C, et al. The effectiveness of school-
based physical activity interventions for adolescent girls: a 
systematic review and meta-analysis. Prev Med 2017;105:237–49.
 10 James M, Christian D, Scott S, et al. Active children through 
individual vouchers – evaluation (active): protocol for a mixed 
method randomised control trial to increase physical activity levels in 
teenagers. BMC Public Health 2018;18:1–8.
 11 Owen CG, Whincup PH, Gilg JA, et al. Effect of breast feeding in 
infancy on blood pressure in later life: systematic review and meta-
analysis. BMJ 2003;327:1189–95.
 12 Labayen I, Ruiz JR, Ortega FB, et al. Exclusive breastfeeding 
duration and cardiorespiratory fitness in children and adolescents. 
Am J Clin Nutr 2012;95:498–505.
 13 Brown A. Maternal trait personality and breastfeeding duration: 
the importance of confidence and social support. J Adv Nurs 
2014;70:587–98.
 14 Statistics for Wales. Welsh index of multiple deprivation 2011, 2011. 
Available: www. wales. gov. uk/ statistics
 15 Chirinos JA, Zambrano JP, Chakko S, et al. Aortic pressure 
augmentation predicts adverse cardiovascular events in 
patients with established coronary artery disease. Hypertension 
2005;45:980–5.
 16 Stoner L, Lambrick DM, Westrupp N, et al. Validation of Oscillometric 
pulse wave analysis measurements in children. Am J Hypertens 
2014;27:865–72.
 17 Pierce GL, Zhu H, Darracott K, et al. Arterial stiffness and Pulse-
Pressure amplification in overweight/obese African- American 
adolescents: relation with higher systolic and pulse pressure. Am J 
Hypertens 2013;26:20–6.
 18 Bandyopadhyay A. Validity of Cooper’s 12-minute run test for 
estimation of maximum oxygen uptake in male university students. 
Biol Sport 2015;32:59–63.
 19 Calders P, Deforche B, Verschelde S, et al. Predictors of 6-minute 
walk test and 12-minute walk/run test in obese children and 
adolescents. Eur J Pediatr 2008;167:563–8.
 20 The Administrative Data Liaison Service (ADLS). The Secure 
Anonymised Information Linkage Databank (SAIL) [Internet], 2017. 
Available: http://www. adls. ac. uk/ find- administrative- data/ linked- 
administrative- data/ linkage- of- administrative- datasets/
 21 Lyons RA, Jones KH, John G, et al. The SAIL databank: linking 
multiple health and social care datasets. BMC Med Inform Decis 
Mak 2009;9:3.
 22 Barclay KJ. Birth order and educational attainment: evidence from 
fully adopted sibling groups. Intelligence 2015;48:109–22.
 23 Gillison F, Sebire S, Standage M. What motivates girls to take up 
exercise during adolescence? learning from those who succeed. Br 
J Health Psychol 2012;17:536–50.
 24 Hallal PC, Andersen LB, Bull FC, et al. Global physical activity 
levels: surveillance progress, pitfalls, and prospects. Lancet 
2012;380:247–57.
 25 Cooper AR, Goodman A, Page AS, et al. Objectively measured 
physical activity and sedentary time in youth: the International 
children’s accelerometry database (ICAD). Int J Behav Nutr Phys Act 
2015;12.
 26 Kirchengast S. Gender differences in body composition from 
childhood to old age: an evolutionary point of view. J Life Sci 
2010;2:1–10.
 27 Jago R, Edwards MJ, Sebire SJ, et al. Bristol girls dance project 
(BGDP): protocol for a cluster randomised controlled trial of an after-
school dance programme to increase physical activity among 11–12 
year old girls. BMC Public Health 2013;13:1003–19.
 28 Murphy NM, Ni Dhuinn M, Browne PA, et al. Physical activity 
for bone health in inactive teenage girls: is a supervised, 
teacher-led program or self-led program best? J Adolesc Health 
2006;39:508–14.
 29 Okely AD, Lubans DR, Morgan PJ, et al. Promoting physical activity 
among adolescent girls: the girls in sport group randomized trial. Int 
J Behav Nutr Phys Act 2017;14:1–13.
 30 Morgan K, Hallingberg B, Littlecott H, et al. Predictors of physical 
activity and sedentary behaviours among 11-16 year olds: multilevel 
analysis of the 2013 health behaviour in school-aged children 
(HBSC) study in Wales. BMC Public Health 2016;16:569.
 31 Wales S. Sport and active lifestyles: state of the nation, 2018.
 32 Der PHPV, Hillsdon M. Is sedentary behaviour just physical inactivity 
by another name ? 2017: 1–8.
 33 Lubans DR, Boreham CA, Kelly P, et al. The relationship between 
active travel to school and health-related fitness in children and 
adolescents: a systematic review. Int J Behav Nutr Phys Act 
2011;8:5.
 34 Sterdt E, Liersch S, Walter U. Correlates of physical activity of 
children and adolescents: a systematic review of reviews. Health 
Educ J 2014;73:72–89.
copyright.
 o
n
 O
ctober 29, 2019 at Swansea University. Protected by
http://openheart.bmj.com/
O
pen Heart: first published as 10.1136/openhrt-2019-001147 on 28 O
ctober 2019. Downloaded from
 
